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Abstract 


We describe the advertisement call of seven males and observations on the natural history related to the paren- 
tal attention by males, of a population of nurse frogs attributed to the Leucostethus fraterdanieli complex from the 
Central Cordillera in the Department of Caldas, Colombia. The advertisement call consists of a long sequence 
of repeated (x = 143 notes.min”) pulsed notes, which have an average duration of 79 + 17 ms (range 63-122 ms), 
separated by time intervals between 187-413 ms (289 + 67 ms). The dominant frequency values are in the range 
between 3209-3520 Hz. Our results suggest differences in temporal and spectral parameters between the popula- 
tion studied and other populations assigned to L. fraterdanieli, L. brachistriatus, and the recently described L. jota. 


Key words. Amphibia. Andes. Bioacoustics. Caldas. Colombian Central Cordillera. Male brooding behavior. 
Phytotelmata. 


Resumen 


Describimos el canto de advertencia de una poblacion atribuida a Leucostethus fraternadieli de los Andes centrales 
de Colombia, basados en el análisis temporal y espectral del canto de siete machos, y aportamos observaciones 
de historia natural asociadas al cuidado parental de los machos. El canto de advertencia consiste en una larga 
secuencia de notas pulsadas repetidas (x = 143 notes.min”), las cuales tienen una duración promedio de 79 + 17 
ms (rango 63-122 ms), separadas por intervalos de tiempo de entre 187-413 ms (289 + 67 ms). Los valores de fre- 
cuencia dominante registrados están en el rango entre 3209-3520 Hz. Nuestros resultados sugieren diferencias en 
parámetros temporales y espectrales entre la población estudiada y otras poblaciones asignadas a L. fraterdanielt, 
L. brachistriatus, y la especie recientemente descrita L. jota. 


Palabras clave. Amphibia. Andes. Atención de nidadas. Bioacústica. Caldas. Cordillera Central de Colombia. 
Fitotelmata. 
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Introduction 


Bioacoustics provide an useful instrument in taxonomy 
and systematics for Neotropical anuran species (Toledo 
et al., 2015; Kohler et al., 2017), particularly for poi- 
son frogs (Dendrobatoidea) (Lótters et al., 1999; 2007; 
Brown et al., 2008a; Twomey & Brown, 2008; Brown 
et al., 2011), with newly described taxa usually inclu- 
ding detailed call descriptions (e.g. Myers et al., 1998; 
Brown et al., 2008a; Marquez et al., 2017). For closely 
related but taxonomically uncertain species, bioacoustic 
information is also relevant, since call parameters can 
show differences that morphology does not (Angulo 
& Reichle, 2008; Castroviejo-Fisher et al., 2008; Padial 
et al., 2008; Pritti et al., 2016). Also, natural history 
traits related to microhabitat selection for breeding 
and parental care have shown interesting differences 
in systematics and evolutionary terms between closed 
aposematic resembling dendrobatids (e.g. Brown ef al., 
2008b, c). However, knowledge about the ecology and 
natural history for non-aposematic dendrobatid frogs is 
still scarce, and the lack of such information has limited 
systematic proposals for the evaluation of morphologi- 
cal, genetic and bioacoustic characters. 


Within the Dendrobatidae, the genus Leucostethus com- 
prises at least six species (L. argyrogaster, L. brachistriatus, 
L. fraterdanieli, L. fugax, L. jota and L. ramirezi) of South 
American endemic nurse frogs, with the highest diver- 
sity in the Northern Andes of Colombia (Grant et al., 
2017; Frost, 2020), and with suspectedcryptic diversity. 
For example, Grant et al. (2017) found five clades that 
seem to represent different species within the fraterdanie- 
li complex. Among them, there was a clade distributed 
along the Cauca river valley and the adjacent flanks of 
the Central and Western Cordilleras of Colombia, from 
Popayán (Department of Cauca) to Filandia (Depart- 
ment of Quindío), that they assigned to C. brachistria- 
tus (Rivero & Serna, 1986). As pointed out by Grant & 
Castro (1998), the extensive within- and among-popula- 
tion morphological variation in L. fraterdanieli (previous- 
ly included in the genus Colostethus and transferred to 
Leucostethus by Marín et al., 2018), suggests a complex 
of closely resembling species, corroborated by diffe- 
rent authors (Grant et al., 2006, 2017; Santos et al., 2009; 
Marín et al., 2018). Therefore, hereafter we will refer to 
our study species as L. fraterdanieli complex. 


The Leucostethus fraterdanieli complex (Silverstone, 1971) 
comprises a group of small nurse frogs (Dendrobati- 
dae: Colosthetinae) endemic of the sub-Andean and 
Andean forests in the Central and Western cordilleras 
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of Colombia, in an elevational range between 1100 and 
2500 m a.s.l. (Silverstone, 1971; Rivero & Serna, 1995; 
Grant & Castro, 1998; Acosta-Galvis, 2000; Bernal et al., 
2005; Bernal & Lynch, 2008; Castro-Herrera & Var- 
gas-Salinas, 2008; Sánchez, 2013; Rojas-Morales et al., 
2014; Guevara-Molina et al., 2017). Bernal & Lynch 
(2008) indicated a record at 650 m of elevation, but that 
appears unlikely to us, as deducted from their data table 
(see Appendix 1 in Bernal & Lynch, 2008). 


The Leucostethus fraterdanieli complex includes diur- 
nal-terrestrial frogs that are active near creeks and 
streams inside primary and secondary forests, even in 
forest fragments of less than 1 ha, surrounded by urban 
and rural areas (Guevara-Molina et al., 2017). Although 
some behavioral aspects such as anurophagy (e.g. con- 
sumption of Pristimantis achatinus) have been repor- 
ted (Cardenas-Ortega & Herrera-Lopera, 2016), other 
traits of their natural history, such as microhabitat use 
and reproductive behavior, are still unknown. In this 
study, we describe the advertisement call of a popula- 
tion assigned to the L. fraterdanieli complex, based on 
individuals from an urban locality in the Department of 
Caldas, Central Cordillera of Colombia. In addition, we 
provide information on natural history, such as calling 
and oviposition site, and egg-attendance and embryo 
transport behavior displayed by males. 


Materials and methods 


Study site. Call recordings were made at the Botanical 
Garden of the University of Caldas, Municipality of Ma- 
nizales, Department of Caldas, Colombia (05?3 26.68" N, 
75°29’ 45.28" W, WGS84, 1960 m a.s.l), which is a fo- 
rested area in the central-southern part of Manizales, 
containing a representation of different types of vegeta- 
tion, such as native secondary forest, coniferous forest 
(mainly consisting of Pinus patula), and crop areas for 
agricultural experimentation. The vegetation and en- 
vironmental conditions in this area correspond to the 
moist lower montane forest (or bmh-MB) in Holdridge 
(1982) life zone system, with an annual rainfall ave- 
rage of 2600 mm, increasing in March-May and Sep- 
tember-November (Corpocaldas, 2012). Annually, the 
warmest months are May and July with average tempe- 
ratures of 24 °C, while the coldest month is September 
with an average of 11.4 °C (Corpocaldas, 2012). Native 
flora from the forests where L. fraterdanieli complex has 
been recorded, include cedro negro (Juglans neotropi- 
ca, Juglandaceae), encenillo (Weinmannia pubescens, W. 
elliptica, Cunoniaceae), yarumo blanco (Cecropia telealba, 
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Urticaceae), dulomoco (Saurauia cuatrecasana, Actini- 
daceae), drago (Croton magdalenensis, Euphorbiaceae), 
nigtiito (Miconia poecilantha, M. theaezans, Melastoma- 
taceae), wax palm (Ceroxylon quindiuense, Arecaceae), 
among many others (Vargas, 2002). 


Call analysis. The advertisement call of seven indivi- 
duals of the L. fraterdanieli complex is described based 
on recordings made by the first author on 12 May 2012 
between 14:33-17:32 h. For the description, 84 calls in to- 
tal (12 calls for each male), randomly selected from one 
minute of recording for each individual were analyzed. 
Males were recorded at 50-70 cm average distance with 
a Sennheiser© ME64 cardioid unidirectional micropho- 
ne, adapted to a MarantzO PMD620 digital recorder. 
Temperature (Table 1) was registered at the time of 
each recording, with an Extech© EA25 infrared ther- 
mometer, and male’s snout-to-vent length (SVL) was 
measured with a 0.01 mm Mitutoyo© MI-500-171-30B 
precision’s caliper (Table 1). Because the individuals of 
L. fraterdanieli complex have shown an aggregate local 
distribution, the recordings were taken at least 5-20 m 
apart for each male, to avoid pseudoreplication. No vou- 
cher specimens were collected in this study; however, 
13 vouchers from this locality are housed at the herpe- 
tological collection of the Museo de Historia Natural, 
Universidad de Caldas (MHN-UCa 416-418, 447-452, 
831-834). We followed Wells (2007), Toledo et al. (2015) 
and Kohler et al. (2017) for the description of the tempo- 
ral and spectral parameters of the calls. Recordings were 
digitized and analyzed with the software RAVEN © Pro 
1.4 (Bioacoustics Research Program 2011) at a resolution 
of 16 bits and 44.1 kHz sampling rate. Oscillograms and 
spectrograms were analyzed with a FFT (Fast Fourier 
Transformation) of 512 points and Hann algorithm. Des- 
cription of the call parameters are presented as mean + 
standard deviation (range). During the course of other 
research (2010-2012), the first author gathered additional 
information on microhabitat and specific observations 
on the behavior and activity of wild individuals in areas 
close to that of this study (municipalities of Neira and 
Villamaria, Department of Caldas). 


Results 


Advertisement call. Males of the L. fraterdanieli com- 
plex recorded in the study area called synchronically, 
overlapping during this activity. When a male began 
to emit advertisement calls, almost immediately neigh- 
bouring individuals also started to vocalize, forming a 
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chorus audible at great distance (> 30 m). The adverti- 
sement call of L. fraterdanieli complex consisted of one 
note emitted in fast succession, with a mean call rate of 
143 notes.min' (range 93-168; Table 1; Figure 1), each 
sounding like a ‘peep’ to the human ear. The notes had 
an average duration of 79 + 17 ms (63-122 ms) and were 
separated by inter-note intervals of 289 + 67 ms (187-413 
ms). The dominant frequency of the call was 3338.75 + 
99.99 Hz (3209-3520 HZ); the minimum frequency 2812.5 
+ 74.34 Hz (2692-2899 Hz) and the maximum frequency 
3881.91 + 69.91 Hz (3830-4037 Hz). All recorded males 
presented harmonic bands in their calls, but there were 
differences in the number of bands registered for each 
male (see Table 1). Harmonic 1 ranged from 4850 to 
5487 Hz, harmonic 2 from 6315 to 7350 Hz, harmonic 3 
from 7971 to 9317 Hz, harmonic 4 from 9736 to 10 973 
Hz, harmonic 5 from 11 387 to 11 932 Hz. The harmo- 
nic 6 (13 173-13 459 Hz), harmonic 7 (14 795-15 114 HZ), 
and harmonic 8 (18 327-18 614 Hz) were present only 
in male 01. Notes were typically pulsed (2-11 pulses. 
note; Figure 2), although a small fraction of the notes 
did not have pulses. Pulses have a duration of 4 + 0.5 
ms (2-7 ms). Table 1 summarizes the acoustic attributes 
of the analyzed individuals. 


Natural history observations. At the study site 
(Figure 3A), Leucostethus fraterdanieli complex is the 
most abundant diurnal amphibian species in the local 
assemblage. In a small area of 25 m? in which two of the 
sound tracks were recorded, twelve individuals were 
counted calling hidden under the leaf litter of white 
yarumo trees (Cecropia telealba) and bamboos (Guadua 
angustifolia) (Figure 3B). In this site, on February 9, 2012, 
a male attending a clutch was found placed on a dry 
bromeliad leaf (Aechmea sp.) at 1.25 m above the ground, 
and approximately 40 m away from the nearest water 
body (Figure 4A). The male (SVL 23.7 mm) was in close 
contact with the egg mass performing a “brooding be- 
havior’ sensu Vockenhuber et al. (2008) (Figure 4B). The 
sex of the individual was determined based in the black 
spots in the throat and the swollen third finger, which 
are characteristics in adult males (Grant & Castro 1998). 
The egg-clutch contained 17 eggs in developmental sta- 
ge 17 sensu Gosner (1960) (Figure 4C). Both the male and 
the egg-clutch were monitored between 07:00-18:00 h, 
time during which the male remained attending eggs 
while staying on top of them. For other forested sites 
sampled near the cities of Manizales, Villamaría, and 
Neira, Department of Caldas, we observed that adults of 
the L. fraterdanieli complex were usually located at a dis- 
tance (> 50 m) from water bodies during the day, with 


Advertisement call of a population of the nurse frog 


Rojas-Morales et al. 


(0S0 01-7986) 
FESTI F 0966 


(GPE8-02Z8) 
TEP 9IOL F LOEB 


(SL99-ST¢9) 
PEL SL F 0499 


(OPTS-0S8p) 


ec 90 F OLOF 
(0Z6£-018€) 
(c 6 F 0Z8€Ẹ 


(DES£-0ZZE) 
Vie E 


(0922-0927) 
COC) 3 9977 


(^6 0-Zc€ 0) 
8900 F €cv'0 


(s-e) c* v 
(6-2) ZIV F C0C'9 
(c6-cv) ST * 69 
EST 
Iz 
GC CC 
L0 


(0ST 01-6096) 
S0'C£I F 060 OI 


(0S£8-SET8) 
ce LOL F OZS 


(S199-G699) 
7SE°S6 F 0999 


(CPLS-0Z6P) 
eon ee ans 


(ScOr-9F8¢) 
IC€' I9 F 0€6€ 


(C6PE-00ZE) 
[Uc gece earth Waters 


(0887-0947) 
CLP'SS F 908987 


(285'0-29€'0) 
8900 E IC*'0 


(9-€) ZT FS 
(PTZ) ZIT'E F 9969 
(26-65) 8T F Z9 
COL 
Iz 
G'IZ 
90 


(090 OT-ZE86) 
I0'9II F 0966 


(GEG8-0978) 
PO'STL F CFE 


(7799-2099) 
SE'TL F 5699 


(OTTS-098F) 
99:99 * GL6F 


(Z£0P-8T8€) 
€9°S9 F GG6C€ 


(£Z9€-607€) 
E GG cg 


(906c-06€c) 
TUTO qo C07 


(985'0-87:0) 
6800 E 9/v'0 


(9-5) TFS 
(ZI-Z) PITE F €079 
(28-99) 61 F TZ 
CPL 
9c 
G6'CC 
S0 


(F6S LI-48€ LT) 
IS9'6G F 80'80S TT 


(ZrO 01-4296) 
G'GII F I6 1596 


(G8E8-1462) 
ZOL' SOL F 9T'SZIS 


(SZ99-ST¢9) 
cIL'€6 F OT'ETSO 


(£Z0S-298p) 
OTT'OZ F ZT6P 


(Z£0P-0€8€) 
PI6 I9 F L6 I99€ 


(0cGc-60c) 
loo eo TEL SE 


(6687-7697) 
PO PL F G'ZIlSC 


(ZZS°0-S€'0) 
TAR Gems E 


(9-6) c * Y 
(6-2) Tc Vc F Sc'S 
(Z6-€7) 61 F IZ 
GET 
87 
Gao 
TO 


o[eur jo JaquinNy 


(FIZ 0L-C€96) 
90'9II F L6 9666 


(1658-8108) 
ACIS e Tae m 


(129-1619) 
G9€' v4 F 0999 


(9GTS-898p) 
G/9'G4 F 8S°00S 


(SOLP-8T8¢) 
GPO'66 F 6C'IO6€ 


(G/c€-Syc€) 
EGS OF F OZEE 


(6267-78V7) 
6S'gTvI F S'9€Z7 


(€L9°0-PZZ'0) 
A Une GI PN 


(9-6) CFP 
(01-2) S9TZFS06'9 
(PEL-Sh) 8T F SOT 
AT 
87 
8 TZ 
€0 


(£46 OL-SFL 
OL) TO'ETE F €6S OL 


(ZT€6-28€8) 
6/'SL€ F €8 4089 


(0S€Z-67Z9) 
CH LST F 996604 


(Z8PS-€Z0S) 
PL POL T SL'Z9ZS 


(SPCP-PC6E) 
6L'7PL F TF OSO 


(£Z9€-607€) 
ANOS 


(6687-18£7) 
LEPSI F 99897 


(CLE 0-81 0) 
POO. 2 SE 


(Lp) 147 
(GT-Z) 76'S F 8 
(ZZL-€9) TF 6Z 
891 
Lt 
Gs 
ZO 


(FL9 SI-ZZE 81) 
668 ZOL F SZCCY 91 


(FLL ST-S6Z 
VL) S9L'8Z F /96 FL 


(6CP ET-EZT €T) 
9€0'89 F GZ'T87 EL 


(Z€6 TT-0SS LT) 
TYS LOL E yS9 TT 


(PIZ OT-9€Z6) 
TZ'9€T F 99'010 OT 


(2678-6078) 
€C6'ZOL E SZ'00€8 


(EL89-ZZ09) 
9/96 F 8S°0P99 


(GGTG-cogy) 
268'98 F 90 FZ6F 


(0£8€-/Z9€) 
998'99 F GZ'Y99€ 


(GhZE-EG0E) 
9LS'6S F THSETE 


(£/97-98€7) 
73°98 F SCOEST 


(940-9970) 
CLONES Ec 


Z-Z) €* S 
(II-9) PIE FEEL 
(001-8G) ZZ F 99 
£6 
IG 
LE €c 
10 


c 


(ZH) [ ?tuouuer 


(ZH) Á2uan313 urnuurxe]q 
(ZH) A:uenoayg jueuruo(q 
(ZH) Aouonoajj pjeguaurepungq 


(S) speA19dut 9JOU-19}U] 


(sur) uoyemp asma 
330u /sos[nd jo raquinny 
(sur) uogeunp 330N 
(,.ururs[[e5) ayer [TED 
(D,) amyeradu J, 
(ww) u18uo[-3uaA YyNoUS 


19jaurereq 


‘(aduel) uoneraap prepuejs F ueow əy} 0} puodsa110) sanjeA “UdATS aie (5,) enje1oduro [ejuouruourAuo pue soeur jo (TAS) u1due[-3uaA yy 


-NOUS "erquio[o? ‘sepyes ^se[ezrueJA Woy xopduroo :[21uvp4aqv4[ snija1s00n2] aq JO se[eur USAS JO [Jed JUSWAST}.AVAPe JU} JO sire [e1j»eds pue [e1oduro] 7T 9[qe T, 


BioTA COLOMBIANA 22 (1) - 2021 | 125 


DOI: 10.21068/c2021.v22n01a08 Rojas-Morales et al. 


30 
20 
10 


-10 
-20 





Amplitude (ku) 
o 





Š 
> 
= 
= 
H 
o 
9 
= 
(> 
Time (mm:ss) 
c- 120 
2 100 
= 80 ^v " X 
$ 60 NAP pat VA « pA 
2 20 A 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 


Frecuency (kHz) 


Figure 1. Oscillogram, spectrogram, and power spectrum of the advertisement call of Leucostethus fraterdanieli (male 02 in 
Table 1, SVL 22.7 mm), from Manizales, Caldas, Colombia. Visualization of five seconds of recording; temperature 27 °C. 
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Figure 2. Oscillogram, spectrogram, and power spectrum of a pulsed note of an adult individual (male 06 in Table 1, SVL 


21.5 mm) of the Leucostethus fraterdanieli complex from Manizales, Caldas, Colombia. Temperature, 21 °C. 
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a calling activity from early morning (06:30-07:00 h) to 
the late afternoon (18:00-18:30 h). In contrast, we ob- 
served at night that parental males frequented leaf li- 
tter or rocks at the edge of small streams, carrying up 
to 15 larvae on their backs (N = 4, range 12-15 larvae; 
Figure 3C). Tadpoles aggregated at the edges of small 
streams and creeks (0.4-3.5 m width), with abundant 
sand and rocky soil (Figure 3D). 


Discussion 


Since anuran acoustic signals are species-specific and 
play a critical role in species recognition and mate choi- 
ce (Wells, 2007), advertisement call analysis is a power- 
ful tool to recognize distinct species. The advertisement 
call of the population of the L. fraterdanieli complex 
described here can be characterized as a long train of 
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repeated ‘peep’ notes, with a maximum frequency up to 
4000 Hz. In general terms, this call seems to be similar 
to that ‘chirp call’ type defined by Lótters et al. (2003). 
The call here described is similar in general patterns to 
that described by Grant & Castro (1998) as the adver- 
tisement call of L. brachistriatus (as C. fraterdantel1), ba- 
sed on two males collected within a cloud forest in the 
western slopes of the Cordillera Occidental, Department 
of Valle del Cauca. The call was described like a single 
note repeated up to 300 times, with frequencies between 
3156-3250 Hz and harmonics occurring at 4800-6400 Hz 
(Individual 1), and 3593-3656 Hz and harmonics in the 
bands of 5500-7400 Hz (Individual 2; Grant & Castro, 
1998). However, there is a difference in the note dura- 
tion. For the population of the Western Cordillera, notes 
ranged between 38-49 ms (Grant & Castro, 1998), while 
for the population that we analyzed in the Central An- 
des, note duration was between 63-122 ms. 





Figure 3. A, habitat of Leucostethus fraterdanieli complex at the Botanical Garden of the Universidad de Caldas, Manizales, 


Colombia, 2150 m a.s.1.; B, calling male concealed in a caulinar fallen leaf of bamboo (Guadua angustifolia) at this site; C, male 


carrying tadpoles on dorsum, before depositing them in a body of water, from the Chisperos creek, located near Manizales; 


D, tadpole at a margin of the Chisperos creek. Photographs by J. A. Rojas-Morales. 
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Recently, Marin et al. (2018) presented a bioacoustic 
comparison between L. fraterdanieli and L. jota from the 
Central Cordillera, in Antioquia. The call described for 
L. fraterdanieli includes values between 3100-3500 Hz, a 
rate of 98 + 12.5 calls.min", with a call duration of 0.09 
+ 0.03 s and intervals between calls 0.55 + 0.16 s. These 
results are quite different in temporal traits from those 
of L. fraterdanieli complex from Manizales (call rate 98 
vs 143 calls.min*). Compared to L. jota, the advertise- 
ment call of the population of L. fraterdanieli complex 
presented here shows major differences in temporal 
parameters. A higher call duration (0.14 vs. 0.079 s), 
lower call rate (21.8 vs. 143 calls.min”), and higher call 
interval (2.55 vs. 0.289 s) differentiates L. jota from L. 
fraterdanieli complex from Manizales. Guevara-Molina 
et al. (2017) presented information on the biology of L. 
fraterdanieli (L. brachistriatus sensu Grant et al., 2017), in- 
cluding an oscillogram and spectrogram of a call from 
the Department of Quindío, in the central Andes, but 
no additional details were provided. 


Our results show that the advertisement call of the 
population of L. fraterdanieli complex from Maniza- 
les is quite different from other known Leucostethus 
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(formerly within Colostethus) from the Upper Cauca 
river valley and the Central Cordillera (Grant & Cas- 
tro, 1998; Marín et al., 2018). However, individuals from 
Manizales are morphologically indistinguishable from 
L. fraterdanieli sensu stricto (fide Grant et al., 2017). An 
integrative approach, including a molecular analysis 
and a study of larval morphology, is badly needed to 
assess the taxonomic status of this and other popula- 
tions under the name of L. fraterdanieli in the Colom- 
bian Andes. 


Life history data for Colostethinae frogs are limited 
(Wells, 1980; Coloma, 1995; Duellman 2004). Ovi- 
position sites recorded in these frogs include sha- 
dow locations in mosses and under stones (Coloma, 
1995). Parental care of the embryos and eggs are ca- 
rried out by males; however, in species such as Co- 
lostethus panamensis, C. pratti and C. argyrogaster, the 
female is in charge of this function (Wells, 1980; Duell- 
man, 2004). Despite this, microhabitat for oviposition 
is unknown for a large proportion of Colostethus and 
Leucostethus species. For L. fraterdanieli complex from 
Manizales, we observed one oviposition site located 
on a dead leaf of a terrestrial bromeliad (Figure 4A). 





Figure 4. Oviposition site of individual of the Leucostethus fraterdanieli complex in the Botanical Garden of the Universidad 


de Caldas, Manizales, Colombia, 2150 m a.s.l. A, terrestrial bromeliad (Aechmea sp.) used as oviposition site; B, detail of the 


leaf where a male (SVL 23.7 mm) is attending a clutch in ventral brooding-behavior; C, egg-clutch with 17 embryos. Photo- 


graphs by J. A. Rojas-Morales. 
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To our knowledge, this is the first reference for an ovi- 
position site in Leucostethus. We also observed males 
performing parental care -i. e., egg-brooding- of an 
egg-clutch, and transporting larvae to the water, which 
show the role of males in the parental care of embryos 
until they continue their aquatic phase. However, re- 
productive activity and behavior patterns may vary 
from one population to another and from year to year 
(Wells, 1980); for that reason, is important to monitor 
this population over several years, in order to obtain 
data on territorial behavior, courtship, amplexus, and 
parental care of the eggs and embryos. The distinctive 
call, its preference for forested habitats and its abundan- 
ce predicted through the calls, make this species a good 
model for bioacoustic monitoring to detect population 
trends in these Andean highly transformed ecosystems. 


Acknowledgments 


JAR is deeply grateful to Paul D. Gutiérrez for the loan 
of the recording equipment, and to José Humberto Ga- 
llego for the permit access at the Botanical Garden of 
the Universidad de Caldas. We are grateful to Moisés 
Escalona, Estefany Cano and two anonymous reviewers 
for their helpful comments on the manuscript. 


References 


Acosta-Galvis, A. R. (2000). Ranas, salamandras y cae- 
cilias (Tetrapoda: Amphibia) de Colombia. Biota Co- 
lombiana, 1, 289-319. 

Angulo, A. & Reichle, S. (2008). Acoustic signals, species 
diagnosis, and species concepts: the case of a new 
cryptic species of Leptodactylus (Amphibia, Anura, 
Leptodactylidae) from the Chapare region, Bolivia. 
Zoological Journal of the Linnaean Society, 152, 59-77. 

https:/ / doi.org/10.1111/j.1096-3642.2007.00338.x 

Bernal, M. H. & Lynch, J. D. (2008). Review and analy- 
sis of altitudinal distribution of the Andean anurans 
in Colombia. Zootaxa, 1826, 1-25. 

https:/ / doi.org/10.11646/ zootaxa.1826.1.1 

Bernal, M. H., Páez, C. A. & Vejarano, M. A. (2005). 
Composición y distribución de los anfibios de la 
cuenca del río Coello (Tolima), Colombia. Actuali- 
dades Biologicas, 27, 87-92. 

Bioacoustics Research Program. (2011). Raven Pro: 
Interactive sound analysis software (Version 1.4) 
[Computer software]. Ithaca, NY: The Cornell Lab 
of Ornithology. Available from: 

http:/ /www.birds.cornell.edu/raven. 


Advertisement call of a population of the nurse frog 


Brown, J. L., Twomey, E., Pepper, M. & Rodríguez, M. 
5. (2008a). Revision of the Ranitomeya fantastica spe- 
cies complex with description of two new species 
from Central Peru (Anura: Dendrobatidae). Zoota- 
xa, 1823, 1-24. 

https:/ / doi.org/10.11646/ zootaxa.1823.1.1 

Brown, J. L., Morales, V. & Summers, K. (2008b). Diver- 
gence in parental care, habitat selection and larval 
life history between two species of Peruvian poison 
frogs: an experimental analysis. Journal of Evolutio- 
nary Biology, 21, 1534-1543. 

https:/ / doi.org/10.1111/1.1420-9101.2008.01609.x 

Brown, J. L., Twomey, E., Morales, V. & Summers, K. 
(2008c). Phytotelm size in relation to parental care 
and mating strategies in two species of Peruvian 
poison frogs. Behaviour, 145, 1139-1165. 

https:/ / doi.org/10.1163/156853908785387647 

Brown, J. L., Twomey, E., Amézquita, A., De Souza, 
M., Caldwell, J. P., Lótters, S., Von May, R., Me- 
lo-Sampaio, P. R., Mejía-Vargas, D., Pérez-Peña, P., 
Pepper, M., Poelman, E. H., Sánchez-Rodríguez, M. 
& Summers, K. (2011). A taxonomic revision of the 
Neotropical poison frog genus Ranitomeya (Amphi- 
bia: Dendrobatidae). Zootaxa, 3083, 1-120. 

https:/ / doi.org/10.11646/ zootaxa.3083.1.1 

Cárdenas-Ortega, S. & Herrera-Lopera, M. (2016). 
Colostethus fraterdanieli (Santa Rita Rocket frog, Rana 
Cohete). Anurophagy. Herpetological Review, 47(3), 438. 

Castro-Herrera, F. & Vargas-Salinas, F. (2008). Anfibios 
y reptiles en el departamento del Valle del Cauca, 
Colombia. Biota Colombiana, 9, 251-277. 

Castroviejo-Fisher, S., Señaris, J. C., Ayarzagüena, 
J. & Vilá, C. (2008). Resurrection of Hyalinobatra- 
chium orocostale and notes on the Hyalinobatrachium 
orientale species complex (Anura: Centrolenidae). 
Herpetologica, 64, 472-484. 

https:/ / doi.org/10.1655/07-049R2.1 

Coloma, L. A. (1995). Ecuadorian frogs of the genus 
Colostethus (Anura: Dendrobatidae). The University 
of Kansas Natural History Museum Miscellaneous Pu- 
blications, 87, 1-72. 

https:/ /doi.org/10.5962/bhl.title.16171 

Corpocaldas (Corporación Autónoma Regional del Cal- 
das). (2012). Agenda para la gestión ambiental del mu- 
nicipio de Manizales, departamento de Caldas. Maniza- 
les, Colombia: Corpocaldas, Fundación Biodiversa, 
Alcaldía de Manizales. 114 pp. 

Duellman, W. E. (2004). Frogs of the genus Colostethus 
(Anura; Dendrobatidae) in the Andes of northern 
Perú. Scientific Papers Natural History Museum The 
University of Kansas, 35, 1-49. 

https:/ /doi.org/10.5962/bhl.title.8467 


BriorA COLOMBIANA 22 (1) - 2021 | 129 


DOI: 10.21068/c2021.v22n01a08 


Frost, D. R. (2020). Amphibian Species of the World: an 
Online Reference. Version 6.0 (Date of access). Elec- 
tronic Database accessible at http:/ / research.amnh. 
org/ herpetology / amphibia/index.html. Ameri- 
can Museum of Natural History, New York, USA. 
Downloaded on 05 April 2020. 

Gosner, K. L. (1960). A simplified table for staging anu- 
ran embryos and larvae with notes on identification. 
Herpetologica, 16, 183-190. 

Grant, T. & Castro, F. (1998). The cloud forest Coloste- 
thus (Anura, Dendrobatidae) of a region of the Cor- 
dillera Occidental of Colombia. Journal of Herpetolo- 
gy, 32, 378-392. 

https:/ / doi.org/10.2307/1565452 

Grant, T., Frost, D. R., Caldwell, J. P., Gagliardo, R., 
Haddad, C. F. B., Kok, P. J. R., Means, D. B., Noo- 
nan, B. P., Schargel, W. E. & Wheeler, W. C. (2006). 
Phylogenetic systematics of dart-poison frogs and 
their relatives (Amphibia: Athesphatanura: Dendro- 
batidae). Bulletin of the American Museum of Natural 
History, 229, 1-262. 

https:/ / doi.org/ 10.1206/ 0003-0090(2006)299[1:PSO- 
DFA]2.0.CO;2 

Grant, T., Rada, M., Anganoy-Criollo, M., Batista, A., 
Dias, P. H., Jeckel, A. M., Machado, D. J. M. & Rue- 
da-Almonacid, J. V. (2017). Phylogenetic systema- 
tics of dart-poison frogs and their relatives revisited 
(Anura: Dendrobatoidea). South American Journal of 
Herpetology, 12, 1-90. 

https:/ /doi.org/10.2994/SAJH-D-17-00017.1 

Guevara-Molina, S. C., Benitez-Cubillos, L. & Londo- 
ño-Guarnizo, C. A. (2017). Colostethus fraterdanieli. 
Catálogo de Anfibios y Reptiles de Colombia, 3(2), 14-19. 

Holdridge, L. R. (1982). Ecología basada en zonas de 
vida. San José, Costa Rica: IICA. 215 pp. 

IUCN SSC Amphibian Specialist Group. (2017). 
Colostethus fraterdanieli. The IUCN Red List of Threa- 
tened Species 2017: e.T55083A85893631. 

https:/ / doi.org/10.2305/ IUCN.UK.2017-3.RLTS. 
T55083A85893631.en 

Kohler, J., Jansen, M., Rodríguez, A., Kok, P. J., Tole- 
do, L. F., Emmrich, M., Glaw, F., Haddad, C. F. B., 
Mark-Oliver, R. & Vences, M. (2017). The use of 
bioacoustics in anuran taxonomy: theory, termino- 
logy, methods and recommendations for best prac- 
tice. Zootaxa, 4251, 1-124. 

https:/ / doi.org/10.11646/ zootaxa.4251.1.1 

Lótters, S., Glaw, F., Kóhler, J. & Castro, F. (1999). On 
the geographic variation of the advertisement call 
of Dendrobates histrionicus Berthold, 1845 and related 
forms from northwestern South America (Anura: 
Dendrobatidae). Herpetozoa, 12, 23-38. 


130 | Brora CoLomBiana 22 (1) - 2021 


Rojas-Morales et al. 


Lótters, 5., Reichle, S. & Jungfer, K. H. (2003). Adverti- 
sement calls of Neotropical poison frogs (Amphibia: 
Dendrobatidae) of the genera Colostethus, Dendroba- 
tes and Epipedobates, with notes on dendrobatid call 
classification. Journal of Natural History, 37, 1899-1911. 

https:/ /doi.org/10.1080/00222930110089157 

Lótters, S., Jungfer, K. H, Henkel, F. W. & Schmidt, W. 
(2007). Poison Frogs. Biology, Species & Captive 
Care. Frankfurt am Main. Ed. Chimaira. 668 pp. 

Marín, C. M., Molina-Zuluaga, C, Restrepo, A., Cano, 
E. & Daza, J. M. (2018). A new species of Leucoste- 
thus (Anura: Dendrobatidae) from the Eastern ver- 
sant of the Central Cordillera of Colombia and the 
phylogenetic status of Colostethus fraterdanieli. Zoo- 
taxa, 4461, 359-380. 

https:/ / doi.org/10.11646/ zootaxa.4464.3.3 

Márquez, R., Mejía-Vargas, D., Palacios-Rodríguez, P., Ra- 
mírez-Castafieda, V. & Amézquita, A. (2017). A new 
species of Andinobates (Anura: Dendrobatidae) from 
the Urabá region of Colombia. Zootaxa, 4290, 531-546. 

https:/ / doi.org/10.11646/ zootaxa.4290.3.7 

Myers, C. W., Rodríguez, L. O. & Icochea, J. I. (1998). 
Epipedobates simulans, a new cryptic species of poi- 
son frog from southeastern Peru, with notes on E. 
macero and E. petersi (Dendrobatidae). American Mu- 
seum Novitates, 3238, 1-20. 

Padial, J. M., Kohler, J., Mufioz, A. & De La Riva, I. 
(2008). Assessing the taxonomic status of Tropical 
frogs through bioacoustics: geographical variation 
in the advertisement calls in the Eleutherodactylus 
discoidalis species group (Anura). Zoological Journal 
of the Linnaean Society, 152, 353-365. 

https:/ / doi.org/ 10.1111/j.1096-3642.2007.00341.x 

Pritti, H., Roshmi, R. S., Ramya, B., Sudhira, G., 
Aravind, N. A. & Gururaja, K. V. (2016). Integrati- 
ve taxonomic approach for describing a new cryptic 
species of Bush Frog (Raorchestes: Anura: Rhacopho- 
ridae) from the Western Ghats, India. PLOS ONE, 
11(3), e0149382 

https:/ / doi.org/10.1371/journal.pone.0149382 

Rivero, J. A. & Serna, M. A. (1986). Dos nuevas especies 
de Colostethus (Amphibia, Dendrobatidae). Calda- 
sia, 15, 525-531. 

Rivero, J. A. & Serna, M. A. (1995). Nuevos Colostethus 
(Amphibia, Dendrobatidae) del departamento de 
Antioquia, Colombia, con la descripción del rena- 
cuajo de Colostethus fraterdanieli. Revista de Ecologia 
Latinoamericana, 2, 45-58. 

Rojas-Morales, J. A., Arias-Monsalve, H. F. & Gonzá- 
lez-Durán, G. A. (2014). Anfibios y reptiles de la re- 
gión centro-sur del departamento de Caldas, Co- 
lombia. Biota Colombiana, 15(1), 73-93. 


Rojas-Morales et al. 


Sanchez, D. A. (2013). Larval morphology of Dart-Poi- 
son Frogs (Anura: Dendrobatoidea: Aromobatidae 
and Dendrobatidae). Zootaxa, 3637, 569-591. 

https:/ / doi.org/10.11646/ zootaxa.3637.5.5 

Santos, J. C., Coloma, L. A., Summers, K., Caldwell, J. 
P., Ree, R. & Cannatella, D. C. (2009). Amazonian 
amphibian diversity is primarily derived from late 
Miocene Andean lineages. Plos Biology, 7.3: e1000056 

https:/ / doi.org/10.1371/journal.pbio.1000056 

Silverstone, P. A. (1971). Status of certain frogs of the 
genus Colostethus, with descriptions of new species. 
Contributions in Science. Natural History Museum of 
Los Angeles County, 215, 1-8. 

Silverstone, P. A. (1975). Two new species of Colostethus 
(Amphibia: Anura: Dendrobatidae) from Colombia. 
Contributions in Science. Natural History Museum of 
Los Angeles County, 268, 1-10. 

Toledo, L. F., Martins, I. A., Bruschi, D. P., Passos, M. 
A., Alexandre, C. & Haddad, C. F. (2015). The anu- 
ran calling repertoire in the light of social context. 
Acta Ethologica, 18, 87-99. 

https:/ / doi.org/10.1007/s10211-014-0194-4 


Advertisement call of a population of the nurse frog 


Twomey, E. & Brown, J. L. (2008). A partial revision of 
the Ameerega hahneli complex (Anura: Dendrobati- 
dae) and a new cryptic species from the East-An- 
dean versant of Central Peru. Zootaxa, 1757, 49-65. 

https:/ / doi.org/10.11646/ zootaxa.1757.1.3 

Vargas, W. G. (2002). Plantas de las montanas del Quindío 
y los Andes centrales de Colombia. Manizales, Colom- 
bia: Universidad de Caldas. 812 pp. 

Vockenhuber, E. A., Hódl, W. & Karpfen, U. (2008). Re- 
productive behaviour of the glass frog Hyalinobatra- 
chium valerioi (Anura: Centrolenidae) at the tropical 
stream Quebrada Negra (La Gamba, Costa Rica). 
Stapfia, 88, 335-348. 

Wells, K. D. (1980). Behavioral ecology and social 
organization of a dendrobatid frog (Colostethus 
inguinalis). Behavioral Ecology and Sociobiology, 6, 
199-209. 

https:/ / doi.org/ 10.1007 / BF00569201 

Wells, K. D. (2007). The Ecology and Behavior of Am- 
phibians. The University of Chicago Press, Chicago, 
1148 pp. 

https:/ / doi.org/10.7208/ chicago/9780226893334. 
001.0001 


BiorA COLOMBIANA 22 (1) - 2021 | 131 


DOI: 10.21068/c2021.v22n01a08 Rojas-Morales et al. 


Julian A. Rojas-Morales 
Corporación Universitaria Santa Rosa de Cabal (UNISARC) 
Santa Rosa de Cabal, Colombia 





julian.herpetologia@gmail.com Advertisement call of a population of the nurse frog 

https://orcid.org/0000-0002-3312-8022 Leucostethus fraterdanieli (Anura: Dendrobatidae), 
with notes on its natural history 

Enrique La Marca 


. . L A . e 2 : 
Universidad de Los Andes Citación del artículo: Rojas-Morales, J.A., La Marca, E. & 


Peden di A Ramírez-Chaves, H.E. (2021). Advertisement call of a po- 

enrique.lamarca@gmail.com pulation of the nurse frog Leucostethus fraterdanieli (Anura: 

https:/ /orcid.org/0000-0002-6508-3375 Dendrobatidae), with notes on its natural history. Biota 
Colombiana, 22(1), 122-132. 

Héctor E. Ramirez-Chaves https:/ / doi.org/10.21068/ c2021.v22n01a08 


Museo de Historia Natural, Universidad de Caldas 
Manizales, Colombia 
hector.ramirez@ucaldas.edu.co Received: May 8, 2020 


https:/ / orcid.org/ 0000-0002-2454-9482 Accepted: November 9, 2020 


132 | Biota COLOMBIANA 22 (1) - 2021 


